To evaluate the feasibility and outcome of laparoscopic hepatectomy in patients with solid liver tumors.
Summary Background Data
Although the laparoscopic approach has become popular in the surgical field, the value of laparoscopy in liver surgery is unknown.
Methods
Fifteen patients with solid liver tumors underwent 16 consecutive laparoscopic resections at the authors' institution between 1994 and 1999. Indications were symptomatic hemangioma, focal nodular hyperplasia, liver cell adenoma, isolated metastasis from a colon cancer, and hepatocellular carcinoma. The laparoscopic procedure was performed using four to seven ports (four 10-mm, two 5-mm, and one 12-mm).
Results
One patient underwent a major hepatic resection (right lobectomy); the others underwent minor hepatic resections (left lateral segmentectomies, IVb subsegmentectomies, segmentectomy, and nonanatomical excisions). The laparoscopic procedure was uneventful in 15 patients; one patient required conversion to open laparotomy because of inadequate free surgical margins.
Conclusion
Laparoscopic surgery of the liver is feasible. The use of this new technical approach offers many advantages but requires extensive experience in hepatobiliary surgery and laparoscopic skills. The authors' experience suggests that laparoscopic procedures should be reserved for benign tumors in selected cases. Its application must be verified by further studies.
Since the index report of successful cholecystectomy, performed in 1987 by Mouret, laparoscopic surgery has become a popular surgical technique and has been used for the removal of several organs. [1] [2] [3] [4] The advances in laparoscopic technology have encouraged expert hands to extend this new approach to more extensive procedures, including liver surgery. Liver biopsy, 5 fenestration of solitary cysts and polycystic liver type I, 6 -8 management of hydatid cysts, 9 -11 and recently resection of solid tumors [12] [13] [14] have been reported. This series is our initial experience with 16 cases of laparoscopic resection of solid tumors.
METHODS
From May 1994 to August 1999, 16 laparoscopic liver resections were attempted at our department in 15 patients (12 women, 3 men). Mean age was 43.6Ϯ12.4 years (range 29 -71). According to the American Society of Anesthesi-ologists physical status score (ASA), 15 13 patients were ASA I and two were ASA II. All patients had right upper quadrant or epigastric pain. Diagnosis of solid liver tumors was made based on the clinical presentation and radiologic studies. Preoperative assessment included liver function tests, abdominal ultrasonography, and computed tomography. Magnetic resonance imaging was used selectively. Solid tumors consisted of symptomatic hemangioma (n ϭ 6), focal nodular hyperplasia (n ϭ 6), liver cell adenoma (n ϭ 2), isolated metastasis from colon cancer (n ϭ 1), and hepatocellular carcinoma (n ϭ 1).
Patient data are shown in Table 1 . Patient 7 had two lesions from different sites and underwent two wedge resections.
Data recorded included surgical time, preoperative and postoperative hemoglobin levels, resected liver specimen weight, postoperative complications, postoperative oral intake, and length of postoperative stay ( Table 2 ). Intraoperative blood loss was estimated by comparing the mean preoperative and postoperative hemoglobin levels.
Continuous variables are expressed as means (one standard deviation). Statistical comparison was performed using the Mann-Whitney test, with P Ͻ .05 considered significant.
Surgical Procedure
All procedures were performed after obtaining informed consent and were performed under general endotracheal anesthesia. The anesthesiologists used pulse oximetry for oxygen saturation measurement and end-tidal carbon dioxide sensors. Arterial blood pressure was monitored continuously by a radial artery catheter and periodic monitoring of central venous pressure. The abdomen was draped after nasogastric intubation and urinary bladder catheterization.
All minor resections were performed with the patient in the supine position. The surgeon stood between the patient's spread legs, the first assistant on the left side of the patient and the camera assistant on the right. The pneumoperitoneum was insufflated by open laparoscopy and controlled electronically at a constant abdominal pressure of 12 mmHg. A 10-mm trocar placed 2 cm above the umbilicus was used for abdominal exploration. The trocar insertion sites depended on the location of the lesion; four to seven trocars were necessary to allow optimal manipulation ( Fig. 1 ). All nonanatomical liver resections were performed using the same procedure. The limits of the resection were marked on the liver surface with diathermy approximately 2 cm from the lesion margin. Liver transection was performed using an endoscopic ultrasonic dissector (Sonoca, Soring Medical, Heinsburnn, France), which divides tissue ultrasonically with vibrating suction and coagulates vessels less than 2 mm in diameter. Biliary and vascular radicles were clipped with laparoscopic clips and divided. In left lateral segmentectomy, the lateral segment was mobilized by dividing the left triangular and falciform ligaments. The resection was carried out with transparenchymatous clamping using a new endoscopic clamp called the Lucane clamp ( Fig. 2 ). This endoscopic handpiece, which resembles the forceps of a coleopter, was inserted through a 12-mm trocar and applied on the liver at the Fissura Umblicalis. Dissection of the liver parenchyma was undertaken with the same maneuver used during nonanatomical resections. The left hepatic vein was transected using a vascular endostapler (Endo GIA II, 30-mm vascular cartridges; Autosuture, USSC, Elancourt, France).
The only major resection of this series (right lobectomy) was performed with the patient in a left hemilateral position and the surgeon standing on the patient's left. The right lobe was completely mobilized to expose the inferior vena cava. With a large blunt dissector, loops were passed around the infrahepatic vena cava and portal triad. During parenchymal transection, intermittent portal triad clamping was used in successive periods of 15 minutes, separated by declamping periods of 5 minutes. The entire period of clamping and declamping lasted 2 hours. The right portal structures were dissected after transection of the liver, which opened up the porta like the leaves of a book. The liver was transected with the ultrasonic harmonic scalpel (LCS, Ethicon EndoSurgery, Cincinnati, OH), and the right hepatic vein was divided by a vascular endostapler (Endo GIA II, 30-mm vascular cartridges) at the end of the transection. In all cases, the resected raw surface of the liver was sealed with fibrin sealant (Tissucol, Immunofrance, Strasbourg, France) and the specimen was extracted in a sterile endobag (Endo Catch II, 15 mm, USSC) through an enlarged trocar incision in the left flank, widened to 5 cm in cases of left lateral segmentectomy and to 7 cm after right lobectomy.
RESULTS
Liver resection, according to the Goldsmith and Woodburne classification, 16 included one right lobectomy, four left lateral segmentectomies, two IVb subsegmentectomies, one segmentectomy, and eight nonanatomical resections (see Table 1 ). Fifteen procedures were performed uneventfully. Patient 10, who had successfully undergone left lateral segmentectomy for hepatocellular carcinoma, required laparotomy at the end of the procedure to check the margin of resection, judged to be insufficient by laparoscopy; in fact, surgical transection had been performed in healthy parenchyma. No transfusions were necessary, despite a significant difference (P ϭ .0312) between the mean hemoglobin level before surgery (13Ϯ1 g/dL; range 11.4 -16) and after surgery (11.4Ϯ1.2 g/dL; range 9.5-14.1). The mean surgical time was 232Ϯ130 minutes (range 115-595). The resected liver averaged 202.25Ϯ157.24 g (range 5-518.5), and the average tumor size was 6.12Ϯ2.93 cm in diameter (range 2.5-12). 
Laparoscopic Approach for Solid Liver Tumors
There were no postoperative deaths. Postoperative complications consisted of one case of a Richter's hernia at the trocar insertion site, requiring intestinal resection. Oral intake was begun on postoperative day 2.8Ϯ2.05 (range 1-9). The mean postoperative hospital stay was 5.2Ϯ3.2 days (range 2-15). Patients were discharged without narcotic analgesia. At the first postoperative month, all had normal activities.
DISCUSSION
The widespread success of laparoscopic cholecystectomy has opened new frontiers and led to the application of laparoscopic techniques to a wide variety of more complex surgical procedures. However, laparoscopic liver surgery has been slow to develop because of perceived technical difficulties. The gradual trend toward bloodless surgery in traditional techniques of hepatic resection, 17, 18 greater experience with laparoscopic surgery, and improvements in video equipment, laparoscopic instrumentation, and surgical skills have led hepatobiliary surgeons to attempt laparoscopic management of various hepatic lesions. 6, 9, 19 Management of biliary cysts offers good training for laparoscopic liver surgery. With increasing experience, minor hepatic resection of solid tumors can be safely performed. 19, 20 Left lateral segmentectomy is the first laparoscopic anatomical hepatectomy that the surgeon can undertake during this learning process. 21, 22 Huscher et al 23 published 38 cases of hepatic resection, including wedge, segmental, and left liver resections, performed in a totally laparoscopic fashion, whereas right liver resections were performed using a video-assisted approach. In the latter instance, after mobilization of the liver and preliminary dissection with control of the hilar elements to the parenchyma to be removed, a abdominal wall lifter is inserted through a upper midline incision and retracted, allowing a suitable view of the surgical field by the gasless laparoscopy technique. 23 To our knowledge, however, the technique of major hepatic resection such as right lobectomy has not yet been attempted through a fully laparoscopic approach and remains a tremendous challenge. 24 In our experience, all the surgical procedures were performed with the carbon dioxide gas insufflation method, and a mini-incision was used only at the end for the extraction of the specimen. The steps in the video-assisted approach corresponded to those of the complete laparoscopic approach, except that further procedures with a risk of gas embolism, such as parenchymal dissection and hepatic venous dissection, were performed using abdominal wall lifting without carbon dioxide insufflation. 23 We have no experience with the gasless method but took several precautions to avoid embolic events, including careful dissection with the division of each vessel between hemostatic clips and low-pressure pneumoperitoneum.
The number of port sites depended on the type of resection. In most cases we needed to insert four or five trocars to attain optimal manipulation. We used two additional trocars during the right lobectomy. Careful planning of the trocar positions is important to avoid the "knitting needle" effect of the surgical instruments.
The size, type, and location of the tumor must be evaluated before surgery. Kaneko et al 20 considered superficially or anatomically favorably located liver lesions to be the best indications for laparoscopic resection. This new technical approach has also been performed in cases of hepatocellular carcinoma 20, 25, 26 and liver metastasis, 19 whereas Hamy et al 27, 28 reserved laparoscopic resection for benign tumors. Improved complex laparoscopic devices have led to safer laparoscopic hepatic surgery with minimal blood loss, which is of prime concern to the liver surgeon. Intraoperative laparoscopic ultrasonography can be used to demonstrate the lesion accurately, to determine its relation to vascular structures, and to guide the resections. A flexible laparoscopic ultrasound probe was useful in the last cases of our series. Microwave tissue coagulators were helpful in achieving hemostasis. 20 The argon beam coagulator is also available for laparoscopic liver resection to secure hemostasis of the transection plane; however, argon gas carries the risk of gas embolism. 29 The formation of gas embolism, specific to laparoscopic surgery, can be avoided when the abdominal wall lift is used without peritoneal insufflation. 20, 25, 30 Further, we have devised a new laparoscopic straight clamp with toothed sides (the Lucane clamp) for bloodless anatomical hepatic resection. This device allows efficient parenchymatous ischemia, preserves the remnant liver parenchyma, and probably carries the least risk of gas embolism. At the beginning of our experience, transparenchymatous clamping greatly enhanced the safety of laparoscopic left lateral segmentectomies. We think that the Lucane clamp represents a new method for transecting liver parenchyma with minimal blood loss and contributes to adequate hemostasis of the transection plane. It also makes these procedures less stressful for the surgeon. Eventually it may be possible to perform these anatomical resections with the Pringle maneuver if the clamp is not available. 23 The use of the endoscopic ultrasonic dissector increases the safety of liver transection, with clear skeletonization of the portal structures and hepatic veins, and greatly reduces the risk of major hemorrhage. 31 The handpiece provides ultrasonic vibration together with simultaneous aspiration and irrigation. It must be inserted with the aspiration control valve closed until the tip of the instrument is in the surgical field. The dissection of the tissue planes is achieved by orderly, side-to-side movements followed by upward-lift deflections of the vibrating tip. An endoscopic multimodal water jet dissector has also been developed and evaluated in pig models. 32 Based on our experience, 24 the Ultracision LCS appeared to have advantages over the ultrasonic dissector, which is precise but has an unwieldy handpiece. It has the ability to clamp the bleeding site with shears for initial control. The LCS uses acoustic energy to oscillate blades at 55,000 cycles per second, generating localized heat, coagulating structural proteins, and sealing vessels up to 4 mm in diameter without loss of pneumoperitoneum. It achieved satisfactory vascular control and biliostasis. Handassisted laparoscopy using a device to prevent air leakage is a promising innovation, allowing the surgeon to introduce one hand to assist in the dissection. We have no experience with this approach but think it can be helpful during the learning curve, especially for major resections.
Laparoscopic liver surgery can be done exactly the same way as in open surgery. We also believe that the laparoscopic approach to hepatic resection offers significant benefits to patients: decreased postoperative pain, reduced trauma to the abdominal wall, smaller incisions, shorter hospital stay, and earlier ambulation and return to normal activities compared with conventional liver surgery. Finally, this procedure preserves the potential for repeated therapies in the future. Liver resection under video-laparoscopy broadens the armamentarium of the hepatobiliary surgeon in the management of liver diseases for selective indications.
CONCLUSION
Laparoscopic liver surgery can be safely performed but requires a long experience in open hepatic surgery and mastery of laparoscopic surgical skills. Laparoscopic resection is a safe method for removing symptomatic benign tumors in selected patients, and its application in malignant lesions should be approached with cautious, critical enthusiasm.
